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C/3 . 

jrt . Abstract. We have computed the evolution of the rest-frame B-band luminosity function (LF) for bulge and 

disk-dominated galaxies since z — 1.2. We use a sample of 605 spectroscopic redshifts with Iab < 24 in the 

Chandra Deep Field South from the VIMOS-VLT Deep Survey, 3555 galaxies with photometric redshifts from the 

^^ , COMBO-17 multi-color data, coupled with multi-color HST/ACS images from the Great Observatories Origin 

5_( ' Deep Survey. We split the sample in bulge- and disk-dominated populations on the basis of asymmetry and 

C^ I concentration parameters measured in the rest-frame B-band. We find that at z = 0.4 — 0.8, the LF slope 

is significantly steeper for the disk-dominated population (a — — 1.19 ± 0.07) compared to the bulge-dominated 

population (a = — 0.53±0.13). The LF of the bulge-dominated population is composed of two distinct populations 

separated in rest-frame color : 68% of red {B — I)ab > 0.9 and bright galaxies showing a strongly decreasing LF 

slope a — -f 0.55 ± 0.21, and 32% of blue {B — I)ab < 0.9 and more compact galaxies which populate the LF 

faint-end. We observe that red bulge-dominated galaxies are already well in place at 2 ~ 1, but the volume density 

of this population is increasing by a factor 2.7 between z ^ 1 and z '^ 0.6. It may be related to the building-up 

of massive elliptical galaxies in the hierarchical scenario. In addition, we observe that the blue bulge-dominated 

population is dimming by 0.7 magnitude between z ~ 1 and z '^ 0.6. Galaxies in this faint and more compact 

population could possibly be the progenitors of the local dwarf spheroidal galaxies. 
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1. Introduction 



Send offprint requests to: O. Ilbert, e-mail: A central issue to understand galaxy formation is to study 

olivier.ilbertl@bo.astro.it the building up of the Hubble sequence. One approach is 

* Based on data obtained with the European Southern to measure the evolution in numbers and luminosity of 

Observatory on Paranal, Chile. different galaxy types using the luminosity function (LF) . 
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To this effect, large samples of galaxies are required with 
a robust estimate of distances, luminosities and morpho- 
logical types. 

At low as well as at high redshifts, most luminos- 
ity functions have been measured using galaxy sam- 
ples classified by spectral type (e.g. |Madgwick et al. p 002, 
de Lapparent et aT~^003) or by photometric type (e.g. 



Lilly et al. | L995, IWolf et aTb OOS. IZucca et al. E OOB'l. The 



direct interpretation of these results in the framework of 
a galaxy formation scenario is not straightforward since 
galaxies move from one spectral class to another by a pas- 
sive evolution of their stellar population. Another way to 
define the galaxy type is to define a morphological type 
from the measurement of the structural parameters of the 
galaxies from image analysis. Even if star formation evo- 
lution could affect galaxy morphologies, a morphological 
classification is less sensitive to the star formation history 
than a classification based on the spectral energy distri- 
bution. This classification is also more robust to follow 
similar galaxies at different redshifts. 

Unfortunately, it is difficult to assemble large sam- 
ples of morphologically classified galaxies with measured 
spectroscopic redshifts for z > 0.3, as high resolution im- 
ages are required to perform a morphological classifica- 
tion and a large amount of telescope time is needed to 
measure spectroscopic redshifts. This is why the largest 
samples of galaxies with both high resolution morphol- 
ogy and spectroscopic redshifts are not exceeding ~ 300 — 
400 spectroscopic redshifts (e.g. IBrinchmann et ciI~l L998. 
ICassata et al. B 005V Larger samples of galaxies are ob- 
tained using the photometric redshifts method (e.g. 
IWolf et al. b OOfl. lBell et"arb 005l. but a major drawback 
of the photometric redshift method is the difficulty to con- 
trol the systematic uncertainties which arc affecting the 
redshift estimate and to quantify the impact of these sys- 
tematics on the LF estimate. 

This paper presents a study of the evolution of the 
galaxy LF as a function of morphological type. We 
use the spectroscopic redshifts from the VIMOS VLT 
Deep Survey on the Chandra Deep Field South (CDFS; 
ILe Fevre et al. E 004V The spectroscopic sample selected 
at Iab ^ 24 is twice larger than previous spectro- 
scopic samples at similar redshifts. We consolidate the re- 
sults using 3555 photometric redshifts estimated from the 
COMBO-17 multi-color data. We check that photometric 
redshifts are not creating a systematic bias in the LF mea- 
surement from a detailed comparison between photomet- 
ric redshift and spectroscopic redshift results. The mor- 
phological classification is performed using the multi-color 
images of the Hubble Space Telescope- Advanced Camera 
for Surveys released by the Great Observatories Origin 
Deep Survey IIGiavalisco et al."b 004V Different methods 
to perform the morphological classification of this sample 
are presented in the companion paperlLauger et al. "[^2006) 
and compared with a visual classification of the sam- 
ple. A single wavelength rest-frame morphological clas- 
sification can be applied over the whole redshift range. 
ILauger et al. t 2006) show that this classification can sepa- 



rate two robust classes : bulge- and disk-dominated galax- 
ies. This paper presents the measurement of the LF evo- 
lution per morphological type, based on this single wave- 
length rest-frame morphological classification. 

We use a flat lambda (fim = 0.3, Oa — 0.7) cosmol- 
ogy with h = i^o/lOO km s^^ Mpc"^. Magnitudes are 
given in the AB system. 

2. Data set description 

We use the high-resolution images provided by the 
Great Observatories Origin Deep Survey (GOODS, 
IGiavalisco et a l. "^004) on the Chandra Deep Field South 
(CDFS) to perform the study of the galaxy morphology. 
The images have been acquired with the Hubble Space 
Telescope- Advanced Camera for Surveys (HST/ACS). 
The field covers 160 arcmin^ and has been observed in four 
bands F435W, F606W, F775W, F850LP (noted hereafter 
B, V, z, z respectively). 

We use the spectroscopic redshifts from the 
VIMOS VLT D eep Survey (VVDS) on the CDFS 
l|Le Fevre et al. £ 004). The spectroscopic observations 
have been conducted with the multi-object spectrograph 
VIMOS on the VLT-ESO Melipal. The spectroscopic 
targets are selected on a pure magnitude criterion 
17.5 < Iab < 24 from the ESO Imaging Survey 
l|Arnouts et al. E OOll. The sample used in this paper 
is limited to the area covered by GOODS. Our sample 
contains 670 objects (605 galaxies, 60 stars, 5 QSOs) with 
a secure measurement of the redshift (confidence level 
greater than 80%) and a mean redshift of 0.76. 

Multi-color data from COMBO-17 are available on 
the CDFS field l|Wolf et al. E 004V These data consist in 
12 medium-band filters and 5 broad-band filters from 
3500A to 9300A. We also use the near-infrared J and 
K band data (21600A) from the ESO Imaging Survey 
IjArnoutset aJ.E OOlV 

3. Photometric redshifts with Le Phare 

We apply the code Le Phare^ (S. Arnouts & O. Ilbert) 
on the COMBO-17 multi-color data completed by the 
NIR data from EIS to compute photometric redshifts 
for the complete CDFS sample. The photometric red- 
shifts are measured with a standard x^ from the best 
fit template on multi-color data l|Arnouts et al. E 002). 
Our set of templates is composed of four observed spec- 
tra from IColeman et al. f 19801 and one starburst SED 
from GISSEL HBruzual fc Chariot E 003). These 5 tem- 
plates have been interpolated to increase the accuracy of 
the redshift estimate. 

Our photometric redshift code significantly improves 
the standard x^ method ((Ilbert et al. 2 006*1. We compute 
the average difference in each band between the observed 
apparent magnitudes and the predicted apparent magni- 
tudes derived from the best fit template for a restricted 
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Fig. 1. Difference between VVDS spectroscopic redshifts 
and photometric redshifts (Az) as a function of the spec- 
troscopic redshift. 



sample of 67 bright galaxies {Iab < 20) with a spec- 
troscopic redshift. These differences never exceed 0.2 and 
have an average value over all filters of 0.06 magnitudes. 
We correct the predicted apparent magnitudes from these 
systematic differences. This method of calibration corrects 
for the small uncertainties existing in the filter transmis- 
sion curves or in the calibration of the photometric zero- 
points. 

The comparison between photometric redshifts and 
spectroscopic redshifts is shown in Fig^ We only use the 
most secure spectroscopic redshifts with a confidence level 
greater than 95% IjLe Fevre et al. E 005). The fraction of 
catastrophic errors {Az/{l + z) > 0.1) in photometric red- 
shifts estimates is 1.1% and the accuracy of the measure- 
ment is ctaz/(i+z) — 0.046. 295 stars are removed from the 
sample which satisfy simultaneously a morphological cri- 
terion (SExtractor CLASS_STAR parameter greater than 
0.975) and a x^ criterion {x^{gal) — x^istar) > 0). Up to 
z — 1.2 and for Iab < 24, the sample contains 3555 pho- 
tometric redshifts of galaxies associated with ACS/HST 
images. 



4. Morphological classification 



We measure asymmetry (A) and concentra- 
tion (C) parameters on the ACS/HST im- 
ages (Abraham et al. 1996, IConseiice et al. E OOO. 
[Lauger et al. 2005, Menanteau et al. E 006'). The con- 



centration of light is defined as the ratio between the 
radii which contain 80% and 20% of the total flux of 
the galaxy, respectively. The asymmetry is obtained by 



computing the difference pixel per pixel of the original 
image and of its 180° rotation. We adopt these parameters 
to define our morphological classes since this classification 
is automatic, quantitative and reproducible. 

Importantly, and thanks to the multi-color coverage 
of the ACS/HST images, we can measure the parameters 
A and C in the same rest-frame i?-band from z = up 
to 2 ~ 1.2 (Cassata ct al. 2005). In this way, we reduce 
the effect of a morphological k-correction which gives a 
more patchy appearance to the galaxies at higher red- 
shift when observations are restricted to one band (e.g. 
IKuchinski et al. E OOO. [Burgarella eTaT^ OOl). 

To relate the quantitative parameters A-C to the 
Hubble sequence, we calibrate our morphological classes 
in the A-C plane with a visual classification of galaxies. 
We adopt the empirical criterion A = 0.0917C - 0.2383 
to separate the bulge-dominated population from the disk- 
dominated population (solid line of Fig[5J|. This criterion is 
chosen to maximize the separation between E/SO and spi- 
ral/irregular classified galaxies. We show in the compan- 
ion paper [Lauger et al~t 2006) that the bulge-dominated 
population defined with A < Q.0917C — 0.2383 contains 
8.9% of late spiral/irregular galaxies and that the disk- 
dominated population includes 8.3% of E/SO galaxies 
down to Iab £ 24. The bulge-dominated area contains 
also 21.2% of early spiral galaxies but the visual differen- 
tiation between faint early spiral galaxies and lenticular 
galaxies is strongly subjective. 



5. Galaxy luminosity function with ALF 

We derive the LF using the Algorithm for Luminosity 
Function (ALF) described in lllbert et arT 2005'l. ALF in- 
cludes 4 standard estimators of the LF which are the 
1/Vmax, C+, SWML and STY. Combining these 4 esti- 
mators allows us to check the robustness of our estimate 
against spatial inhomogeneities, absolute magnitude bin- 
ning, or spectral type incompleteness (Il bert et al. E 004'). 
We measure k-corrections from a procedure of template 
fitting on the multi-color data l|Ilbert et al. E OOS). using 
either the photometric redshift or the spectroscopic red- 
shift according to the sample used. 

We measure the LF in the rest-frame B Johnson band. 
At the average redshift z ~ 0.76 of this /-selected sample, 
this choice of the rest-frame i3-band limits the model de- 
pendency of the absolute magnitudes Ijllbert et al. E 005'). 
and minimizes any possible biases due to the mix of spec- 
tral types pibert et al. E 004V 



6. Results 

The values given in this section are obtained using the 
photometric redshift sample to increase the accuracy of 
the measurements. However, we systematically check that 
the results obtained with spectroscopic redshifts and pho- 
tometric redshifts are fully consistent. 
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Fig. 2. Distribution in the A-C diagram of the eye- 
ball classified galaxies with a spectroscopic redshift. The 
solid circles correspond to galaxies visually classified as 
elliptical-SO, the solid squares to early spirals, the open 
circles to late spirals, the star to irregulars and open tri- 
angles to mergers. The solid line is the empirical criterion 
A = 0.0917C — 0.2383 we have adopted to separate bulge- 
and disk-dominated populations. The dotted line corre- 
sponds to the criterion A = 0.0917C - 0.2083. 

6.1. A blue bulge-dominated population 

We observe a blue population of bulge-dominated 
galaxies as already observed by e.g. Ilm et al.~l' 2001). 
IMenanteau et al. / 2004). jCross et al. r 2004'). For both the 
spectroscopic and photometric redshift samples, the {B — 
^)'ab rest-frame colors of the bulge-dominated population 
present a bimodal distribution (see upper panel of FigEJ. 
We split the bulge-dominated population into two sub- 
samples separated in rest-frame color by {B — I)^g — 0.9 
according to this bimodahty. We measure 32%/68% of 
blue/red galaxies at z = 0.4 — 0.8, respectively. This frac- 
tion of blue bulge-dominated galaxies is similar to the 
proportion of 30% obtained by ICross et" f 2004^ using 
a rest-frame color criterion {U — V)ab > 1-7 and a similar 
selection of Tab < 24. 

To investigate farther the structural properties of this 
blue population, we use the Petrosian radius r{i] = 0.2) 
(see |Lauger et al."^ 005) and the angular distance to mea- 
sure the physical size of the galaxy. Fig|21 (lower panel) 
shows the galaxy size distribution for blue and red bulge- 
dominated galaxies. The blue population, with an average 
size of 5.8 h kpc is more compact than the red population 
with an average size of 8.2 h kpc. The hypothesis that 
these two samples are extracted from the same popula- 
tion is rejected at 99.9% by a Kolmogorov-Smirnov test. 



6.2. Shape of the LF versus morphology 

We investigate the dependency of the LF shape on the 
morphological type. This analysis is performed in the red- 
shift bin 0.4 — 0.8, a good compromise maximizing the 
number of galaxies and covering a large absolute magni- 
tude range. The LFs of the disk- and bulge-dominated 
populations are shown in the middle panels of Fig2] 
and the corresponding Schechter parameters are given in 
Tabled The LFs obtained with the photometric and the 
spectroscopic redshift samples are in very good agreement 
and no systematic trend in the shape is observed when us- 
ing photometric redshifts. 

The LF of the disk-dominated population presents a 
steep slope {a = —1.19 ± 0.07) which contrasts with 
the decreasing slope measured for the bulge-dominated 
population {a = —0.53 ± 0.13). This population of disk- 
dominated galaxies is the dominant population of galax- 
ies at z ~ 0.6. From the integration of the LF up to 
Mbab ~ 5log{h) = —17, the disk-dominated population 
represents 74% of the whole galaxy population. 

The slope measured for the bulge-dominated popu- 
lation {a — —0.53 ± 0.13, see Table ^) is steeper than 
previous LF measurement based on spectral type mea- 
surements (e.g. a = 0.52 ± 0.20 for Wolf et al. E 003. 
a = -0.27 ± 0.10 for lZuccaetaTb OOel. The presence of 
the faint blue bulge-dominated population explains this 
difference. The blue bulge-dominated population is com- 
posed of faint galaxies representing 67% of the bulge- 
dominated galaxies for —19.5 < Mb^b ~ 5log{h) but only 
7.1% for Mbab - 5log{h) < -19.5. As the LF slope is ex- 
tremely steep, the proportion of the observed blue galax- 
ies is strongly dependent on the considered limit (here 
Mbab ~ 5log{h) < —17). On the contrary, the red bulge- 
dominated population is composed of bright galaxies and 
represents 92% of the bulge-dominated population for 
Mbab~^^'^9W — —19.5. The density of red bulge galaxies 
decreases toward fainter magnitudes with a strongly de- 
creasing LF slope a = 0.55±21. Between —19.5 < Mbab ~ 
5log{h) < —17, the red bulge-dominated population rep- 
resents only 5.7% of the whole population. The shape of 
the LF is in agreement with the measurement done by 
lOosset al. I' 2004'l for red E/SO galaxies (a = 0.35 ±0.59, 
M^AB - ^^og{h) = -19.8 ± 0.5 mag at 0.5 < z < 0.75). 
This selected sample of red bulge-dominated galaxies cor- 
responds to the classical E/SO population, composed of 
red and bright galaxies with a strongly decreasing LF 
slope. Blue and red bulge-dominated populations clearly 
exhibit different properties and need to be analysed sepa- 
rately. 



6.3. Evolution of the LF 

Figure 0| presents the evolution of the disk-, red bulge- 
and blue bulge-dominated populations from z — 0.05 up 
to z = 1.2. The Schechter parameters are given in Table|21 
Since the LF slope is not constrained at z > 0.8, we set a 
to the value measured atz = 0.4 — 0.8. 
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Type 



Nb 



disk 892 

bulge 261 

red-bulge 178 

blue-bulge 83 



MXb{B) - 5log{h) 
(mag) 



(x 10-^/1=* Mpc"^) 



-1.19;! 
-0.53^ 



1+0.07 
-0.07 

j+0.13 
-0.13 

-2.00 



-20.22 
-20.20 
-19.53 
-20.95 



0.15 
+0.19 

0.20 
+0.14 

0.15 
+0.63 



12.39tlll 

^+0.56 
-0.56 

-+0.16 
-0.09 



7.44: 
0.16J 



Table 1. Schechter parameters for the rest-frame i?-band LF in the redshift bin 0.4 — 0.8 and the corresponding la 
error. The parameters without associated errors are fixed. Values are given for the photometric redshift sample. 
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Fig. 3. Top panel: the distribution of the {B — I)\b I'est- 
frame colors for the bulge-dominated population. Bottom 
panel: galaxy size distribution for the red bulge-dominated 
population (dotted line) and for the blue bulge-dominated 
population (solid hue). For both panels, the thick lines 
correspond to the photometric redshift sample and the 
thin lines to the spectroscopic redshift sample. 



The results obtained with the photometric redshift 
sample are fully in agreement with the results obtained 
with the spectroscopic redshift sample (see the open stars 
of Fig0}. This comparison gives confidence that our mea- 
surement of the LF evolution is not due to systematic 
trends in photometric redshift estimates. 

The LF of the disk-dominated galaxies evolves only 
mildly over the redshift range up to z = 1.2. The slope 
of the disk-dominated galaxies in our sample is compara- 
ble to the local values obtained bv lMarinoni et aO l999) 
(a = —1.10 ± 0.07 for S-Im eyeball classified galaxies) or 
bv INakamura et al. r 2003) [a = -1.12 ± 0.18 for S-Im 
type defined with concentration parameter). No signifi- 
cant evolution of $* is measured between z — 0.05 and 
z = 1.2 when testing for a pure density evolution (setting 



the a — M* parameters, see Table. 2). We measure only a 
small brightening of 0.4 magnitude when testing for pure 
luminosity evolution (setting the values of a— <&*). Leaving 
M* and (jf free (setting only the slope), we measure a 
brightening of AM* ~ 0.5 magnitude with no significant 
evolution of <E>* between z — 0.05 and z = 1.2. 

The density of the red bulge-dominated population de- 
creases at high redshift z — 0.8 — 1.2. We measure a de- 
crease in density by a factor 2.7 between z ^ 0.6 and 
z '--^ 1 for a pure density evolution (setting the M* — a 
parameters). A pure luminosity evolution of the LF is 
not a good fit of the non-parametric data (see Fig^. 
Leaving M* and (j)* free (setting only the slope), we mea- 
sure a small brightening of 0.2 mag with a decrease of 
<1>* by a factor 2 between z ~ 0.6 and z ~ 1, consis- 
tent with a pure density evolution. Due to the difficulty 
to sample the bright part of the red-bulge dominated LF 
at z = 0.05 — 0.4, no strong conclusions can be drawn 
in this low redshift range. The evolution of the LF for 
the red bulge-dominated population is opposite to the in- 
crease in density observed bv lCross et al. r 2004) between 
z = 0.5 — 0.75 and z = 0.75 — 1 but is in agreement 
with the result obtained bv IFerreras et al"T 2005) on the 
same field. Our results are fully consistent with the results 
from the VVDS based on spectroscopic redshifts and spec- 
tral type classification IjZucca et al. E 006). The observed 
evolution of the red bulge-dominated population in our 
analysis remains small in comparison to the strong de- 
crease in density of the elliptical galaxies measured by 
IWolf et al. f 2008) using spectral type classification and 
photometric redshifts. Our results instead show that the 
population of E/SO galaxies is already mostly in place at 
z- 1. 

The LF slope of the blue bulge-dominated population 
remains extremely steep in all the redshift bins. This pop- 
ulation strongly evolves. To quantify the LF evolution of 
this population, we first set the M* — a parameters to 
the z = 0.4 — 0.8 values and look for an evolution in <1>*. 
We measure an increase in density of a factor 2.4 between 
z = 0.4 — 0.8 and z = 0.8 — 1.2. Using the same proce- 
dure, we set the a — $* parameters to the z = 0.4 — 0.8 
values and look for an evolution in M*. We measure a 
brightening of 0.7 magnitude between z ~ 0.4 — 0.8 and 
z = 0.8 — 1.2. The same trend is also present between 
z = 0.05 — 0.4 and z = 0.4 — 0.8. It is unlikely than a large 
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fraction of this blue bulge-dominated population contains 
misclassified spiral galaxies at high redshifts as the visual 
inspection of the UV rest-frame images at z ~ 1 do not 
show star formation in the disc of these galaxies. If a large 
fraction of these blue bulge-dominated galaxies is includ- 
ing misclassified spiral galaxies at 2; < 0.7 as claimed by 
IFerreras et al. f 20051. the observed evolution of the blue 
bulge-dominated galaxies should even be stronger than 
what we have reported here. 

Since A and C are quantitative parameters and since 
the visual classification is strongly subjective, the sepa- 
ration between bulge- and disk-dominated galaxies in the 
A — C plan is not a sharp limit. The area enclosed be- 
tween A < 0.0917C - 0.2383 (solid line of Figl^Jl and 
A < 0.0917C - 0.2083 (dotted hue of Figl^J contains a 
mix of different visual types. To quantify the impact of 
the adopted criterion on our conclusions, we recompute 
the LPs using the criteria A < 0.0917C - 0.2083 rather 
than A < 0.0917C - 0.2383. This less conservative crite- 
rion increases the contamination of blue late spiral galax- 
ies in the bulge-dominated area. As expected, the LF nor- 
malization of the blue bulge-dominated galaxies increases 
by a factor 1.6-2. We have specifically used a conservative 
criterion throughout this paper {A < 0.0917C - 0.2383) 
to limit the fraction of late spiral/irregular galaxies in the 
bulge-dominated area. We have checked that only 12% of 
the blue-bulge dominated galaxies have been visually clas- 
sified as late spiral or irregular galaxies. The LFs of the 
disk- dominated and of the red bulge-dominated galaxies 
remain unchanged and are little sensitive to the adopted 
criterion. 

7. Discussion and conclusions 

We derive the rest-frame i?-band LF of galaxies classi- 
fied in morphological types up to z = 1.2 in the CDFS 
using the VVDS spectroscopic sample of 605 galaxies, 
3555 photometric redshifts from COMBO-17 multi-color 
data and the HST/ACS images from GOODS. We de- 
fine bulge- and disk-dominated populations on the basis 
of A-C parameters measured in the rest-frame i?-band 
dLauger et al . 2006). We show that the LF of the bulge- 
dominated population is the combination of two popu- 
lations: a red and bright population making 68% of the 
bulge-dominated sample, and a blue population of more 
compact galaxies for the remaining 32% of the population. 
We observe a strong dependency of the LF shape on the 
morphological type. In the redshift range 0.4 < z < 0.8, 
we measure a shallow slope a = -1-0.55 ± 0.21 for the 
red bulge-dominated population while the disk-dominated 
population shows a very steep slope a = —1.19 ± 0.07. 
The blue bulge-dominated population dominates the faint- 
end of the bulge-dominated LF. We emphasize that with- 
out morphological information, the blue bulge-dominated 
population can not be separated from the late spec- 
tral type population even if a composite fit of the LF 
( |de Lappare nt et al. p 003) is computed as an alternative 
when visual morphologies are not available. 



We observe a small evolution of the disk-population. 
This is unexpected as the irregular galaxies included in our 
disk-dominated class are expected to evolve strongly (e.g. 
IBrinchmann et Eii~l l998'l. As our one- wavelength A-C pa- 
rameters are not efficient to isolate the irregular or merger 
galaxies from the late spiral galaxies (see Fig|21l, this small 
evolution of the disk-dominated population could possibly 
be explained by cosmic variance in this small field, by the 
fact that spiral galaxies dominate the population of irreg- 
ular galaxies, and by the fact that we are insensitive to 
the morphological k-correction effect. 

We measure an increase in density of the red, bright 
(brighter than M* at z > 0.8), bulge-dominated popu- 
lation with the age of the Universe. The observed evolu- 
tion of the red bulge-dominated LF could be interpreted 
as evidence for the build-up of massive elliptical galaxies 
from merging and accretion of smaller galaxies in a hier- 
archical scenario. Our results indicate that the population 
of E/SO galaxies is already in place at z ~ 1, in agree- 
ment with e. g. [Lilly et al. t l995) , IConselice et~aO 2005l 
IZucca et al. r 2006V As the field used in this paper is 160 
arcmin^ and includes large structures IjAdami et al. E 0051. 
cosmic variance could possibly play a role and affect our 
results. To investigate this point, wc compare the global 
LF measured on the CDFS field with the LF in the 
VVDS-0226-04 field lllhert et al. E 0051 which covers an 
area 10 times larger. Correcting the LF normalizations in 
the CDFS field to match the normalization of the global 
LF in the VVDS-0226-04 field, we find that the evolu- 
tion, although less pronounced, still shows an increase 
of the red bulge-dominated density with the age of the 
Universe. The effect of the density-environment relation 
fe.g. lDressler et al. I L997') on the observed evolution is dif- 
ficult to assess. One approach to address this uncertainty 
is to compute the combined LF per morphological type 
and environment. 

We also observe a very strong evolution of the blue 
bulge-dominated population corresponding to a brighten- 
ing of 0.7 magnitude (or an increase in density by a fac- 
tor 2.4) between z ^ 0.6 and z ~ 1. The nature of this 
population remains unclear. Mergers expected in the hi- 
erarchical scenario could create a burst of star formation 
explaining the blue color of these galaxies. We have ob- 
served some signs of disruption for a significant fraction 
of these galaxies. These galaxies could be also a dwarf 
population undergoing a strong burst of star formation 
in the galaxy core, which could be interpreted as a bulge 
component Pm et al. E OOlV The smaller size of this blue 
population in comparison to the red one as well as the 
faint absolute magnitude distribution of this population 
seem to favor this hypothesis. Considering that the evo- 
lution of the blue bulge-dominated population produces a 
fading in luminosity, we can relate this evolution to the 
strong decrease of the star formation rate observed from 
z ~ 1. This blue population could be the progenitor of 
the local population of dwarf spheroidal galaxies under- 
going strong star formation at z ~ 1. Another possibility 
to investigate is the presence of an AGN in the galaxy 
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Table 2. Evolution of the Schcchter parameters for the rest-frame S-band LF and associated la errors. Values are 
given for the photometric redshift sample. The parameters without associated errors are set using the values measured 
at z = 0.4 — 0.8. At z = 0.05 — 0.4 and z — 0.8 — 1.2, we always provide the parameters for a pure luminosity and 
density evolution. When possible, we also provide the parameters for M* — $* let free to vary. When a is set, the STY 
errors on M* and $* are underestimated. 



nucleus as shown bv lMenanteau et al. f 2005') which could 
be strongly related to the star formation activity. 

An increase in survey areas is clearly necessary to 
limit the cosmic variance effects on computing the LPs 
of morphologically selected populations, as is on-going 
with next generation surveys (e.g. COSMOS). The de- 
velopment of quantitative methods to better isolate mor- 
phological galaxy classes, in particular merger and irreg- 
ular galaxies, and the combination of morphological and 
spectral classifications, will also be necessary for further 
progress. 
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Fig. 4. Evolution of the Luminosity Function for galaxies classified in morphological types from z — 0.05 up to z = 1.2. 
Open stars correspond to the LFs measured with the spectroscopic redshift sample using the l/Vmax estimator. All 
the other results are obtained using the photometric redshift sample. The left panels correspond to the LF of the 
disk-dominated population, the middle panels to the red bulge-dominated population and the right panels to the blue 
bulge-dominated population. The redshift bin and the corresponding number of galaxies is indicated in each panel. 
We adopt the following symbols for the various estimators: circles for the 1/Vmax, triangles for the SWML, squares 
for the C+ and solid lines for the STY (only at z — 0.4 — 0.8 where the LF shape is constrained). The STY fit derived 
in the redshift bin 0.4 — 0.8 is reported in each panel with dotted lines. The long dashed lines and short dashed lines 
correspond respectively to the fit obtained setting a — M* (pure density evolution) and a — <&* (pure luminosity 
evolution) at the values obtained at z = 0.4 — 0.8. 



